In this paper we employ a computable general equilibrium model of the Russian economy to assess the impact of accession to the World Trade Organization (WTO), which incompasses improved market access, Russian tariff reduction and reduction of barriers against multinational service providers. We assume that foreign direct investment in business services is necessary for multinationals to compete well with Russian business services providers, but cross-border service provision is also present. The model incorporates productivity effects in both goods and services markets endogenously, through a Dixit-Stiglitz framework. The ad valorem equivalent of barriers to foreign direct investment have been estimated based on detailed questionnaires completed by specialized research institutes in Russia. We estimate that Russia will gain about 7.2% of the value of Russian consumption in the medium run from WTO accession and up to 24% in the long run. We estimate that the largest gains to Russia will derive from liberalization of barriers against multinational service providers. Piecemeal and systematic sensitivity analysis shows that our results are robust.
The Impact of Liberalizing Barriers to Foreign Direct Investment in Services:
The Within Russia, numerous industrialists, policy analysts and even the former Prime Minister have called for an assessment of the gains and losses from WTO accession and for an assessment of the impact on different sectors of the economy. Russian goods providers are concerned that a fall in tariffs will imply increased competition from foreign goods providers and a decline in their market share. Russian service providers are concerned that liberalized rules on new foreign direct investment (FDI) will lead to increased competition from multinational service providers in Russia. The government has appropriately replied that when the economy as a whole is considered, the reduction in the tariff in any one sector does not mean that sector will decline, i.e., in general equilibrium the effects may be favorable for many sectors whose protection is cut. Moreover, the government argues that Russian exporters will obtain improved access to the markets of WTO member countries. But some commentators remain skeptical, in part, because there is a lack of quantitative estimates of the impacts, and in part because the sources of the gains have not been well articulated.
In this paper we develop a 35 sector small open economy comparative static computable general equilibrium model of Russia that we believe is appropriate to evaluate the impact of Russian accession to the WTO. We document that, although the Russian tariff structure has some problem areas and can be liberalized, it is not a highly distorted tariff structure. On the other hand, barriers to foreign direct investors in several key business services sectors are quite substantial and are the focus of intense negotiations between Russia and the WTO Working Party. Consequently, a serious evaluation of Russian WTO accession requires developing a model that is capable of assessing the impact of liberalization of barriers against FDI in an applied context.
Our key modeling assumptions are that: we assume that a substantial portion of business services require a domestic presence; multinational service providers import some specialized capital or labor as part of their decision to establish a domestic presence; and business services supplied with a domestic presence are supplied by imperfectly competitive firms who produce a unique variety of the service. We adopt the Dixit-Stiglitz-Ethier structure for business services (and for increasing returns to scale goods) that implies endogenous productivity gains from the net introduction of new varieties. 1 We argue that the gains to Russia from WTO accession derive from four principal effects: (1) improved access to the markets of non-CIS countries in selected products. Russia has already negotiated most-favored nation (MFN) status on a bilateral basis with most of its important trading partners, so Russia's exporters will not see an immediate reduction in the tariffs they face and this effect may not be expected to be large. But Russia will have improved rights under antidumping and countervailing duty investigations in its export markets, which is the source of the improved access we model; 2 (2) tariff reduction on goods will induce improved domestic resource allocation and increase the number of varieties of imports in imperfectly competitive sectors. The latter will increase total factor productivity in downstream sectors due to a Dixit-Stiglitz-Ethier externality; (3) reduction in barriers against multinational service providers will increase the number of service varieties available in Russia. The variety increase will increase total factor productivity (or lower the quality adjusted costs) in sectors that use of business services; and (4) positive effects on the investment climate from increases in the rate of return to capital. We model this impact in a comparative steady state model, which produces an upper bound estimate of the gains from an increase in capital stock due to trade liberalization.
This paper is innovative since it is the first paper to numerically assess liberalization of barriers against foreign direct investors in business services in a multi-sector applied general equilibrium model 1 Elasticities of substitution for product categories in the Dixit-Stiglitz framework have been estimated by Broda and Weinstein (2004) . They estimate that, although there are variances within the groups, for agriculture, services and goods the Dixit-Stiglitz elasticitiy of substitution is close to three. We choose three as our central Dixit-Stiglitz elasticity of substitution. 2 WTO accession will grant an "injury determination" to Russia in antidumping cases in WTO members countries. Combined with the decision by the US to treat Russia as a market economy will imply Russian exporters may have considerably improved rights in these cases in the US. But market economy status may be denied in particular cases, so it will be necessary to see how this is implemented in practice.
where the Dixit-Stiglitz variety-productivity effects are important to the results. There have been a number of theoretical papers modeling foreign direct investment liberalization in services (Markusen (1989; 1990) and Markusen and Venables (1998; ). Regarding numerical efforts, Markusen, Rutherford and Tarr (2000) developed a stylized model where foreign direct investment is required for entry of new multinational competitors in services, but they did not apply this model to the data of an actual economy. Brown and Stern (2001) and Dee et al. (2003) employ multi-country numerical models with many of the same features of Markusen, Rutherford and Tarr. Their models contain three sectors, agriculture, manufacturing and services, and are thus also rather stylized. Results in the Brown and Stern paper depend crucially on capital flows between nations. For example, they estimate that Japan will lose from multilateral liberalization of barriers to FDI service providers because Japan is a capital exporting nation. In Dee et al., (2003) , multinationals are assumed to capture the quota rents initially. So results of liberalization depend crucially on the fact that liberalization transfers rents to capital importing countries.
The Dixit-Stiglitz endogenous productivity effect from the impact of service sector liberalization on product variety is not mentioned in the results of Brown and Stern and are interpreted as of little relevance in Dee et al. 3 We estimate that the gains to Russia (measured as Hicksian equivalent variation) from WTO accession are 7.2 percent of Russian consumption (or 3.3 percent of GDP) in the medium run, and could be as high as 23.6 percent of Russian consumption (11.0 percent of GDP) in the long run (using our comparative steady state model). To understand the sources of these gains, we execute several scenarios that allow us to decompose the impacts. Tariff reform only is responsible for 1.3 percentage points of the gain in consumption. Improved market access accounts for 0.6 percentage points of the welfare gain. We estimate the gains from FDI liberalization in services are 5.2 % of the value of Russian consumption, which amounts to over 70 percent of the total gains from Russian WTO accession. Thus, while improving its offer to foreign services providers within the context of the GATS has been one the most difficult aspects of Russia's negotiation for WTO accession, our estimates suggest that the most important 3 There have also been numerical estimates of the benefits of services liberalization where services trade is treated analogously to goods trade, i.e. trade in services is assumed to be entirely cross-border and subject to tariffs. For example, see Brown, Deardorff, Fox and Stern (1996) . component of WTO accession for Russia in terms of the welfare gains is liberalization of its barriers against FDI in services sectors.
The crucial importance in the Russian context of liberalization of barriers to FDI reflects the starting point of the analysis; that is, we assess that Russia has done more to lower it tariffs on goods than it has to liberalize its barriers to FDI in services sectors. The the ad valorem equivalence of the barriers to foreign direct investors in business services has been estimated specifically for this study, as explained below. These estimates were based on surveys we commissioned of specialized service sector institutes in
Russia to obtain data on the regulatory environment in the key business services sectors.
We examine the robustness of the results through extensive sensitivity analysis both with respect to modeling assumptions and with respect to parameter choice. This includes "systematic sensitivity analysis" where we execute the model 30,000 times with random selection of parameter values within their specified probability distributions. We produce sample distributions and 50 and 95 percent confidence intervals of all key variables.
The paper is organized as follows. In section II we describe the model and the most important data. In section III we describe and interpret the central policy scenarios. In section IV we examine the impact of different modeling assumptions (or model closures) on the results and present the results of our piecemeal and systematic sensitivity analysis.
II. Overview of the Model and Key Data

Overview of the Model Formulation
An algebraic formulation of the model is available in Jensen, Rutherford and Tarr (2004 4 In these sectors, products are differentiated by country of origin, i.e., we employ the Armington assumption. All Russian goods producing firms (including imperfectly competitive firms) can sell on the domestic market or export. Russian firms optimize their output decision between exports and domestic sales based on relative prices and their constant elasticity of transformation production function.
Goods produced subject to increasing returns to scale are differentiated at the firm level. We assume that manufactured goods may be produced domestically or imported. Firms in these industries set prices such that marginal cost (which is constant) equals marginal revenue; and there is free entry, which drives profits to zero. For domestic firms, costs are defined by observed primary factor and intermediate inputs to that sector in the base year data. Foreigners produce the goods abroad at constant marginal cost but incur a fixed cost of operating in Russia. The cif import price of foreign goods is simply defined by the import price, and, by the zero profits assumption, in equilibrium the import price must cover fixed and marginal costs of foreign firms. We employ the standard Chamberlinian large group monopolistic competition assumption within a Dixit-Stiglitz framework, which results in constant markups over marginal cost.
For simplicity we assume that the composition of fixed and marginal cost is identical in all firms producing under increasing returns to scale (in both goods and services). This assumption in a our Dixit-Stiglitz based Chamberlinian large-group model assures that output per firm for all firm types remains constant, i.e., the model does not produce rationalization gains or losses.
The number of varieties affects the productivity of the use of imperfectly competitive goods based on the standard Dixit-Stiglitz formulation. The effective cost function for users of goods produced subject to increasing returns to scale declines in the total number of firms in the industry. Daniels (1985) found that service providers charge higher prices when the service is provided at a distance.
primary factors available to the multinationals. Hence, domestic service firms incur primary factor costs related to Russian labor and capital only. These services are characterized by firm-level product differentiation. For multinational firms, the barriers to foreign direct investment affect their profitability and entry. Reduction in the constraints on foreign direct investment will induce foreign entry that will typically lead to productivity gains because when more varieties of service providers are available, buyers can obtain varieties that more closely fit their demands and needs (the Dixit-Stiglitz variety effect). Harrison, Rutherford and Tarr (1996, 1997) and Baldwin et al. (1999) and Francois et al. (1996) . The approach, however, dates back to the 1970s, when both Hansen and Koopmans (1972) and Dantzig and Manne (1974) used it. The approach ignores the foregone consumption necessary to achieve the higher level of investment and thus, is an upper bound estimate on the long run gains within the framework of the model assumptions.
Key Data
Ad Valorem Equivalence of Barriers to Foreign Direct Investment in Services Sectors.
Among the key restrictions against multinational service providers in Russia are: Rostelecom maintains a monopoly on long distance fixed-line telephone services, affiliate branches of foreign banks are prohibited, and there is a quota on the multinational share of the insurance market. 8 Estimates of the ad valorem equivalence of these and other barriers to FDI in services are key to the results. Consequently, we commissioned 20 page surveys from Russian research institutes that specialize in these sectors and econometric estimates of these barriers based on these surveys.
These questionnaires provided us with data and descriptions and assessments of the regulatory environment in these sectors. 9 Using this information and interviews with specialist staff in Russia, as well as supplementary information, Kimura, Ando and Fujii (2004a , 2004b , 2004c Warren (2000), notably papers by Warren (2000) , McGuire and Schulele (2000) and Kang (2000) . For each of these service sectors, authors in the Findlay and Warren volume evaluated the regulatory environment across many countries. The price of services is then regressed against the regulatory barriers to determine the impact of any of the regulatory barriers on the price of services. Kimura et al. then assumed that the international regression applies to Russia. Applying that regression and their assessments of the regulatory environment in Russia from the questionnaires and other information sources, they estimated the ad valorem impact of a reduction in barriers to foreign direct investment in these services sectors. 10 The results of the estimates are listed in table 2.
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In the case of maritime and air transportation services, we assume that the barrier will only be cut by 15
percentage points, since pressure from the Working Party in these sectors is not strong.
Share of Expatriate Labor Employed by Multinational Service providers.
The impact of liberalization of barriers to foreign direct investment in business services sectors on the demand for labor in these sectors will depend importantly on the share of expatriate labor used by multinational firms. We explain in the results section that despite the fact that multinationals use Russian labor less intensively than their Russian competitors, if multinationals use mostly Russian labor, their expansion is likely to increase the demand for Russian labor in these sectors. 12 We obtained estimates of the share of expatriate labor or specialized technology not available to Russian firms that is used by multinational service www.worldbank.org/trade/russia-wto. The same sources provided the data on share of expatriate labor discussed below.
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Warren estimated quantity impacts and then using elasticity estimates was able to obtain price impacts. The estimates by Kimura et al. that we employ are for "discriminatory" barriers against foreign direct investment. Kimura et al. also estimate the impact of barriers on investment in services that are the sum of discriminatory and nondiscriminatory barriers.
11 Kimura et al. estimated that the price of telecommunications services in Russia are elevated by 10 % due to barriers to multinational service providers. We believe that in telecommunications it is crucial to employ a differentiated product model to characterize competition between multinational and Russian telecommunications providers. This means that we interpret the estimates of Kimura et al. to indicate that the discriminatory tax on multinational service providers results in a 10% increase in the composite price of domestic and multinational service provision. Then the ad valorem tax on multinationals, say at rate x, must be above 10% since there is no discriminatory tax on domestic service providers and the composite price is a weighted average of domestic prices (which are untaxed) and multinational prices which are taxed at a rate x. More precisely, if x is the ad valorem equivalent of the barriers to multinational investment in telecommunications in Russia, s is the share of the market in Russia of multinationals, 10% is the amount by which telecommunications prices are elevated due to the barriers and if we assume Russian domestic service providers prices are unaffected, then we may solve for x from: sx + (1-s)*0 = .10. That is, x= .10/s Our data indicate that s = .15, then x = .67 or 67%.
Barriers to foreign direct investment, however, have an indirect effect on the price of Russian telecommunications services. Consequently, sx + (1-s)*y = .10 may be more appropriate, where y is the amount by which the price of Russian telecommunication services are increased in the benchmark as a result of barriers on multinational telecommunications service providers. The value of y would have to be less than the value of the increase in composite services (0.1). It is likely that the indirect effect of barriers to foreign direct investment on the price of domestic Russian telecommunications services is less than 0.05, since the composite price increased by only 0.1 and lower values of y yield higher estimates of x. But if we take y=.05, then x equals 0.38, which is approximately the value estimated for financial services, of 0.33. We take a conservative estimate here of 0.33 for telecommunications.
providers in Russia from Russian research institutes that specialize in these sectors. In general, we found that multinational service providers use mostly Russian primary factor inputs and only small amounts of expatriate labor or specialized technology. In particular, the estimated share of foreign inputs used by multinationals in Russia is: telecommunications, 10% plus or minus 2%; financial services, 3%, plus or minus 2%; maritime transportation, 3%, plus or minus 2%; and air transportation, 12.5%, plus or minus 2.5%.
Tariff and Export Tax data.
We estimate the tariff and export tax rates by sector in our model based on the following data and 
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Based on a Goskomstat a mapping from the tariff line data of the Customs Committee to the sectors in our input output table, we calculated a weighted average tariff rate for the sectors of our model.
We calculated these rates two ways: based on all imports (where the collected tariff rate as a percent of all imports is 8.1%) and on non-CIS imports (where the collected tariffs as a percent of non-CIS imports is 11.1%). The rates we employ in the model are the rates based on all imports. The rates based on all imports are lower since the base on the calculation includes CIS imports on which no tariffs are imposed.
We believe collected tariff rates more closely approximate the protection a sector receives and the incentives it faces. Similar procedures are applied for export taxes. The results at the sector level are in table 2. 12 See Markusen, Rutherford and Tarr (2000) for a detailed explanation on why FDI may be a partial equilibrium substitute for domestic labor but a general equilibrium complement. 13 The data in this paper, which were entered manually, are based on a level of aggregation reported by the Customs Committee that yields about 2000 tariff lines. We thank Ekaterina Krivonos and Eshref Trushin for their work on these data. 14 The regulations can be found on the web page of the Customs Computer Service: www.tks.ru in the document database (Базы данных → Документы).
Applying these tariff rates across all sectors implies that tariff revenue in our model is about 1.6 percent of GDP in the initial equilibrium. Collected tariffs in Russia are closer to 1.1 percent of GDP.
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There are several reasons that the collected tariffs in Russia are less than the legal rates on most favored nation (MFN) imports. Most notably, exemptions to the Russian tariff are available for regional agreements (most notably the CIS), personal imports and shuttle trade. Since we have data for the CIS trade, we adjust for the CIS trade, we are applying the MFN rates on all imports from the non-CIS. This slightly, but not significantly biases upward the rates we employ relative to collected rates.
Export Tax Data.
Analogous to the import trade data, the Russian State Customs Committee publishes data on export volumes and values. These data were also entered manually at the tariff line level. Unlike the tariff data that are listed by the Customs Committee, it was necessary to consult numerous regulations of the government of Russia to obtain the export taxes. Similar to the tariff data, the export taxes are sometimes ad valorem or sometimes the maximum of the ad valorem or specific tax rate.
The results are reported in The principal elements of this disaggregation were: a split of the oil and gas sector into oil, gas and oil processing; a split of the transport sector into railroad, maritime, air, pipeline, truck and other transportation services; the breakup of communication into post services and telecommunications; and disaggregation of the data in several business services sectors regarding market and non-market activities. The documentation by Baranov is available on the website listed above.
III. Results
In our general WTO scenario, we assume that barriers against foreign direct investment are reduced as indicated in table 2; seven sectors subject to antidumping actions in export markets receive slightly improved market access. This is implemented as an exogenous increase in their export price as shown in table 2; and the tariff rates of all sectors are reduced by fifty percent. 17 We first discuss (and present in table 3) our estimates of the impact of Russian WTO accession on aggregate variables such as welfare and the real exchange rate, aggregate exports, the return to capital, skilled labor and unskilled labor, and the percentage change in tariff revenue. In order to obtain as assessment of the adjustment costs, we estimate the percentage of labor and mobile capital that must change industries. The gains come from a combination of effects, so we also estimate the comparative static impacts of the various components of WTO accession in order to assess their relative importance.
First we discuss the comparative static results. We shall also consider the results of assuming the time frame is long enough for capital to adjust to its new long run steady state equilibrium in a scenario we call comparative steady state. In addition, we evaluate a "short-run" scenario, in which all labor is "sector-specific".
Aggregate Welfare Effects of WTO Accession
We estimate that the welfare gains to Russia are equal to 7.2 percent of Russian consumption (or 3.3 percent of GDP) in the medium term. These gains derive from three key effects: (1) improved access to the markets of non-CIS countries in selected products; (2) Russian tariff reduction; and (3) liberalization of barriers to foreign direct investment in services sectors. We execute three scenarios that allow us to understand the relative impact of these various elements and the mechanisms through which they operate.
Impact of Tariff Reduction. The results for this scenario are presented in column (2) of table 3.
We lower tariffs by fifty percent, but there is no liberalization of the barriers to FDI or improved market 17 Actual tariff reductions remain are part of the accession negotiations and are not known with certainty.
access. The estimated welfare gains to the economy are 1.3 percent of consumption or 0.6 percent of GDP.
The gains to the economy from tariff reduction alone come about for two reasons. Tariff reduction in Russia will lead to improved domestic resource allocation since tariff reduction will induce Russia to shift production to sectors where production is valued more highly based on world market prices. This is the fundamental effect from trade liberalization in constant returns to scale models (CRTS).
In addition, tariff reduction on imports in imperfectly competitive sectors, raises the tariff ridden demand curve for imports. This increases profitability for foreigners of selling in the Russian market thereby inducing new entry by foreign suppliers until zero profits are restored. Although there is a loss of domestic varieties due to increased foreign competition, there is a net increase in varieties. The additional varieties in the imperfectly competitive sectors of Russia result in a productivity improvement for users of these goods through the Dixit-Stiglitz-Ethier effect. This result is analogous to the result found by Rutherford and Tarr (2002) in a fully dynamic model.
Impact of Improved Market Access.
In column (3) of table 3, we present the results of a scenario in which we allow for improved market access (according to the terms of trade improvements of table 2), but we do not lower tariffs or barriers to FDI in services sectors. We estimate that the impact of improved market access at 0.6 percent of consumption (0.3% of GDP). Gains derive from improved prices for exports. But also a higher value for exports allows Russia to buy more imports and more varieties of imports increase productivity. Thus, the impact of improved market access is greater in a model with Dixit-Stiglitz variety effects than in a constant returns to scale model. results) These three sectors are among the sectors that we assume will gain an exogenous increase in the price of its exports upon WTO accession. They are also among those that export the highest share of their output-they all export over thirty percent of the value of their output. Export intensity is important because a reduction in tariffs generally depreciates the real exchange rate . Since the real exchange rate depreciates, sectors that export intensively will gain more domestic goods for a unit of their exports.
Impact of Foreign Direct
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Declining Manufacturing Sectors. The sectors that contract the most are the sectors that are the most protected prior to tariff reduction and which have a relatively small share of exports. Most notably 18 The real exchange depreciates because the increased demand for imports accompanying the decline in tariffs induces an increase in the price of foreign exchange. In addition, the reduction in barriers to multinational investment in the services sector depreciates the real exchange rate. This is because multinationals use more foreign skilled labor, and they must pay in foreign exchange for the foreign skilled labor from domestic sales. The depreciation of the real exchange rate encourages exports and mutes the import expansion.
this includes machinery and equipment, food and light industry and construction materials. All of these sectors do little exporting and light industry and food are the sectors with the highest tariff rates.
Business Services Sectors. Russian business and labor interests in these sectors are not the same, and we discuss the impact on labor in these sectors first. We find that skilled and unskilled employment will expand in most, but not all, of the business services sectors. This is an application to a full economy model of the result found by Markusen, Rutherford and Tarr (2000) . They have shown in a more stylized model that even when foreign direct investment is a partial equilibrium substitute for domestic skilled labor, it may be a general equilibrium complement. The reason is as follows. As a result of a reduction in the barriers to foreign direct investment in these sectors, we estimate that there will be an expansion in the number of multinational firms who locate in Russia to provide business services from within Russia, and a contraction in the number of purely Russian firms. Although multinationals also demand Russian labor, though they use Russian labor slightly less intensively than Russian firms. I.e., since multinationals import primary inputs, foreign direct investment is a partial equilibrium substitute for Russian labor. But as more service firms enter the market, the quality adjusted price of services falls, and industries that use services expand their demand for business services. On balance, the increase in labor demand from the increase in the demand for business services typically exceeds the decline in labor demand from the substitution of multinational supply for Russian supply in the Russian market. That is, FDI is a partial equilibrium substitute but a general equilibrium complement to Russian labor. Thus, we estimate that labor in the business services sectors will typically gain from an expansion in foreign direct investment and multinational provision of services in Russia.
Regarding capital, as a result of the removal of restrictions, we estimate there would be significant increase in foreign direct investment and an increase in multinational firms operating in Russia. We estimate that specific capital owners in imperfectively competitive sectors will lose from this increase in competition. We expect, however, that the increase in foreign direct investment to have diverse impacts on Russian firms. We define a firm as a multinational even if a foreign firm and a Russian firm have formed a joint venture. Multinationals will often look for Russian joint venture partners when they want to invest in Russia. Russian companies that become part of the joint ventures in the expanding multinational share of the business services market will likely preserve or increase the value of their investments. Russian capital owners in business services who remain wholly independent of multinational firms, either because they avoid joint ventures or are not desired as joint venture partners, will likely see the value of their investments decline, and the least efficient will exit the industry.
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This suggests that domestic lobbying interests within a service sector could be diverse regarding FDI liberalization. We estimate that labor should find it in their interest to support FDI liberalization even if capital owners in the sector oppose it. But capital owners themselves may have diverse interests depending on their prospects for acquisition by multinationals.
IV. Sensitivity Analysis
The results depend on the choice of parameters in the model as well as certain assumptions or "closures." In this section, we evaluate the impact on the results of the changing the values of the key parameters or modeling assumptions in the model. We begin with key model assumptions. We then discuss the results of "piecemeal sensitivity" analysis on the parameters. Finally we discuss the results of our "systematic sensitivity" analysis.
Model Assumptons
Sensitivity to Results to a 50% Cut in the Barriers to Foreign Direct Investment. In this scenario, we simulate a cut in the barriers by one-half as much as in our central scenario (shown in column 6 of table 3). But we allow for improved market access and a fifty percent cut in tariff barriers.
We find that the gains to the economy are reduced to about 4.1 percent of consumption. From table 3, we can see this is slightly less than the sum of three components: (i) half of the gains from FDI liberalization;
(ii) tariff reduction; and (iii) improved market access.
Rent Capture or Dissipation. Resource loss from rent seeking of licenses is a significant problem in Russia. In our central scenario we have ignored these costs. It may be 19 We assume that firms in the business services sectors must use a specific factor in order to produce output. This specific factor results in an upward sloping supply curve in each business services sector.
appropriate, however, to assume that those that obtain the licenses used Russian capital and labor in wasteful license seeking activities and the like. Then the ad valorem equivalence of the barriers to multinational investment are a real resource cost. As a result the estimated gains from WTO accession increase from 7.2 percent to 7.7 percent of consumption (as shown in column 7 of table 3) because the resources that were used to capture the rents become available for productive activities.
Similarly, if foreigners capture the rents initially, liberalization of the barriers will allow competition among foreigners that will result in a transfer of the rents from foreigners to Russia.
Then we estimate the gains to Russia from WTO accession will increase from our central estimate of 7.2 percent to 7.5 percent of consumption.
Sector Specific Labor. Although we have some sector specific capital (varying by sector), in our central scenario all labor is mobile. To evaluate short run effects, where a significant portion of labor will be unable to switch jobs between sectors, we assume that labor can not move between sectors, that is labor is "sector-specific." With sector specific labor, wages of skilled and unskilled labor will vary across sectors in response to shifts in demand coming from WTO accession.
The aggregate results are presented in table 3, column 8. The welfare gains fall to 5.9 percent of consumption. This decline in the gains is expected when labor is sector specific since when labor is immobile, it cannot move to the sectors where it is valued most highly. What is striking about this scenario is that the gains remain very substantial. This shows how important productivity effects are since without productivity effects a model with no labor market resource reallocation would produce very small gains.
While the welfare gains are smaller, no labor changes jobs in this scenario (see the rows on factor adjustments in we should allow for the fact that WTO accession could improve the investment climate in Russia. In this scenario, we employ our comparative steady state model. As explained in section II, the principal feature is that we allow for the fact that accession to the WTO could increase the rate of return on investment.
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This would induce an increase in the capital stock until the marginal productivity of capital declines sufficiently that the rate of return on investment is no higher than the initial steady state equilibrium rate of return on investment. With our comparative steady state model, we estimate that the gains to Russia from WTO accession are 23.7% of consumption (11% of GDP). This is more than three times the estimated comparative static welfare gains. The reason the gains are larger is that we estimate that WTO accession will induce an increase in the rental rate on capital in Russia in the comparative static model by 4.9 %. In the comparative steady state model, this induces an expansion of the capital stock in the new equilibrium. We estimate that the capital stock will increase by about 14.4% of its initial level in the long run steady state equilibrium. With a higher capital stock, the economy is able to produce more output and there is more consumption. We typically argue that this type of model produces an upper bound estimate of the welfare gains because the foregone consumption necessary to achieve the higher capital stock is not taken into account. 23 However, Rutherford and Tarr (2002) have shown that a fully dynamic model which incorporates productivity effects like those in our present model, and which takes into account foregone consumption from investment decisions, could produce estimated welfare gains that are as large or larger than these comparative steady state results.
Piecemeal Sensitivity Analysis
In table 4, we present the impact on welfare of varying the value of key parameters. In these scenarios, we retain the central value of all parameters except the parameter in question. In general, the gains to the economy (welfare gains) increase with an increase in elasticities, since higher elasticities imply that the economy is able to more easily shift to sectors or products that are cheaper after trade and FDI liberalization. 24 There are two parameters in the table that have a strong impact on the results: the elasticity of substitution between value-added and business services (esubs) and the elasticity of multinational firm supply (etaf). A liberalization of the barriers to FDI will result in a reduction in the cost of business services, both from the direct effect of lowering the costs of doing business for multinational service providers and from the indirect effect that additional varieties of business services allow users to purchase a quality adjusted unit of services at less cost. When the elasticity of substitution between value-added and business services is high, users have the greater potential to substitute the cheaper business services and this increases productivity. The elasticity of multinational and Russian firm supply (etaf, etad) is primarily dependent on the sector specific factor for each firm type (foreign or domestic).
When etaf is high, a reduction in the barriers to foreign direct investment results in a larger expansion in the number of multinational firms supplying the Russian market, and hence more gains from additional varieties of business services. In addition, the share of the services market captured by multinationals has a strong effect, since a liberalization results in a larger number of new varieties introduced. 21 Without increasing returns to scale, removing barriers to FDI has no effect. 22 Rutherford and Tarr (2003) explain why we typically, but not always find in models with product differentiation, that the rate of return on investment (the rental rate on capital divided by the cost of a unit of capital) increases. This despite the fact that we have no a priori expectation that the rental rate on capital will rise relative to the wage rate. 23 On the other hand, Russia has had a substantial trade surplus in the past several years; the trade surplus was $46 billion in 2002, approximately the value of aggregate imports, which reflected decisions by Russian investors to invest abroad. If WTO accession can improve the investment climate in Russia, the large annual capital outflow of Russia could be turned around and invested in Russia. Then, it may be possible to achieve a larger capital stock without the foregone consumption that is typically required. 24 An increase in the elasticity of substitution between varieties reduces the welfare gain. This is because when varieties are good substitutes, additional varieties are worth less to firms and consumers.
Share of Expatriate Labor Employed by Multinational Service providers.
The impact of liberalization of barriers to foreign direct investment in business services on the demand for labor in the business services sectors will depend on the share of expatriate labor used by multinational firms. If multinationals use mostly Russian labor, their expansion is likely to increase the demand for Russian labor in these sectors. We employed the estimates of the share of expatriate labor or specialized technology not available to Russian firms that is used by multinational service providers in Russia provided by the various Russian research institutes mentioned above. Here we estimate the impact of employing the upper or lower bound estimates of this share in all business services sectors.
We find that the impact on the welfare estimates of lower or higher share of imported inputs in the business services sectors is only one-tenth of a percentage point of consumption. But the impact on labor demand in the business services sector is more significant. For example, skilled labor demand in telecommunications increases by 6.0% with our central estimates of labor demand change, but would increase by 7.5% with the lower shares of imported inputs by multinationals and by 4.5% with higher shares of labor demand by multinationals. There is a similar range of results for labor demand in most of the business services sectors. With sufficiently high share of expatriate labor use by the multinationals, the demand for labor in the business services sectors would decline, but based on the expert estimates of the use of expatriate labor, we expect to see an increase in the demand for labor in telecommunications, financial services and truck transportation, but a decline in air transportation services and science servicing. In all these cases, the shift in employment is less than fifteen percent of initial employment.
Systematic Sensitivity Analysis
Piecemeal sensitivity analysis shows how the results change when we vary the value of key parameters one-by-one, with central values of all parameters except the one under consideration. In the systematic sensitivity analysis, we allow all parameters to change simultaneously. A probability distribution for each parameter is chosen. We typically choose uniform probability distribution, with the lower and upper bounds for the values of the parameters taken from the lower and upper values of the key parameters presented in table 4. We furthermore assume that all distributions are stochastically independent.
We then run the model 30,000 times. Each time the program chooses a random configuration of parameters and executes the model with this configuration. For each variable in our model, we then harvest the sample distribution based on the 30,000 solutions. Consequently the sample distribution is not dependent on any particular set of parameter values, but represents results representative of the full distribution of parameter values.
We present the distribution of the results below for three key variables: welfare change as a percent of consumption, output change and skilled employment changes. A full compendium or results with the sample distributions and confidence intervals is in Jessen Rutherford and Tarr (2004) . For each report variable, we calculate the percentage of solutions associated with a given result for the variable.
The top panel of figure 2 shows that the welfare gains as a percent of consumption are, in most cases, between 6% and 8%. The minimum value is 4.5% and the maximum value is 11.4%. The bottom panel of figure 2 shows the corresponding cumulative distribution of the welfare gains. The statistics shows that only 6.4% of the solutions are below a welfare gain of 6% and that 13.0% are above a gain of 8%. More than than 80% of the solutions yield a gain between 6% and 8%. This shows that the welfare results are very robust within the six to eight percent of consumption range.
In figure 3 , we focus on the employment impacts in the six sectors where the impacts are the greatest: the three sectors with the largest increase in employment and the three sectors with the largest decline in employment. We only show the results for skilled labor, as the results for unskilled labor are very close to the results for skilled labor. We assume total employment is unchanged, so employment The figure also shows that the magnitude of the results for the expanding sectors is more uncertain than the results for the declining sectors. This is explained by the relatively greater use of business services and goods from imperfectly competitive sectors.
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In figure 4 , we display the frequency distributions of the output changes in the same six sectors.
The pattern of which sectors expand or contract is the same as for employment, but the results are more positive. Whereas economy-wide employment is fixed by assumption, output increases overall. Output expands due to greater efficiency in the use of resources, and, more importantly, due to greater productivity of factors of production from the increase in varieties of business services and differentiated goods.
Finally, in order to display systematic sensitivity results for all industries in one figure, in the upper panel of figure 5 we display bars that represent fifty percent confidence intervals for aggregate output (export plus domestic sales) for all industries (the point on the bar is our point estimate). In the lower panel of figure 5 , we show fifty percent confidence intervals for domestic output by industry.
Similar figures for other variables are in Appendix B of Jesper, Rutherford and Tarr (2004) .
V. Conclusions
In this paper we have developed an innovative small open economy computable general equilibrium model of the Russian economy that is capable of assessing the impact of the liberalization of barriers against foreign direct investment. Surveys and estimates of the ad valorem equivalence of the barriers against foreign direct investment were prepared for this model. We find that the source of the largest gains to Russia from WTO accession is that additional multinational service providers will reduce the quality-adjusted cost of purchasing business services in Russia and that these gains are rather substantial when compared with the typical gains from constant returns to scale models of tariff liberalization. We believe that these results are consistent with the economic geography literature and the 25 Thus, variation in the values of etaf, esubs and theta_fdi have a greater impact on these sectors.
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